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Table S1. Screening of potential therapeutic targets of long COVID (representative targets).

node

identifier

description

CHUK

CXCL8

IKBKB

IKBKG

IL1B

IL6

JAK1

JUN

MAP3K7

9606.ENSP00000359424

9606.ENSP00000306512

9606.ENSP00000430684

9606.ENSP00000483825

9606.ENSP00000263341

9606.ENSP00000385675

9606.ENSP00000343204

9606.ENSP00000360266

9606.ENSP00000358335

Inhibitor of nuclear factor kappa-B kinase subunit alpha; Serine kinase that plays

an essential role in the NF- kappa-B signaling pathway which is activated by
multiple stimuli such as inflammatory cytokines, bacterial or viral products, DNA
damages or other cellular stresses. Acts as part of the canonical IKK complex in the
conventional pathway of NF-kappa-B activation and phosphorylates inhibitors of
NF-kappa-B on serine residues. These modifications allow polyubiquitination of the
inhibitors and subsequent degradation by the proteasome.

Interleukin-8; IL-8 is a chemotactic factor that attracts neutrophils, basophils, and
T-cells, but not monocytes. It is also involved in neutrophil activation. It is released
from several cell types in response to an inflammatory stimulus. IL-8(6-77) has a
5-10-fold higher activity on neutrophil activation, IL-8(5-77) has increased activity
on neutrophil activation and IL-8(7-77) has a higher affinity to receptors CXCR1
and CXCR2 as compared to IL-8(1-77), respectively; Chemokine ligands

Inhibitor of nuclear factor kappa-B kinase subunit beta; Serine kinase that plays

an essential role in the NF- kappa-B signaling pathway which is activated by
multiple stimuli such as inflammatory cytokines, bacterial or viral products, DNA
damages or other cellular stresses. Acts as part of the canonical IKK complex

in the conventional pathway of NF-kappa-B activation and phosphorylates
inhibitors of NF-kappa-B on 2 critical serine residues. These modifications allow
polyubiquitination of the inhibitors and subsequent degradation by the proteasome.

NF-kappa-B essential modulator; Regulatory subunit of the IKK core complex
which phosphorylates inhibitors of NF-kappa-B thus leading to the dissociation of
the inhibitor/NF-kappa-B complex and ultimately the degradation of the inhibitor.
Its binding to scaffolding polyubiquitin seems to play a role in IKK activation by
multiple signaling receptor pathways. However, the specific type of polyubiquitin
recognized upon cell stimulation (either 'Lys-63'- linked or linear polyubiquitin) and
its functional importance is reported conflictingly.

Interleukin-1 beta; Potent proinflammatory cytokine. Initially discovered as the
major endogenous pyrogen, induces prostaglandin synthesis, neutrophil influx and
activation, T-cell activation and cytokine production, B-cell activation and antibody
production, and fibroblast proliferation and collagen production. Promotes Th17
differentiation of T-cells

Interleukin-6; Cytokine with a wide variety of biological functions. It is a potent
inducer of the acute phase response. Plays an essential role in the final differentiation
of B-cells into Ig- secreting cells Involved in lymphocyte and monocyte
differentiation. Acts on B-cells, T-cells, hepatocytes, hematopoietic progenitor cells
and cells of the CNS. Required for the generation of T(H)17 cells. Also acts as a
myokine. It is discharged into the bloodstream after muscle contraction and acts to
increase the breakdown of fats and to improve insulin resistance.

Tyrosine-protein kinase JAK1; Tyrosine kinase of the non-receptor type, involved in
the IFN-alpha/beta/gamma signal pathway. Kinase partner for the interleukin (IL)-2
receptor;

Transcription factor AP-1; Transcription factor that recognizes and binds to the
enhancer heptamer motif 5'-TGA[CG]TCA-3'". Promotes activity of NR5SA1 when
phosphorylated by HIPK3 leading to increased steroidogenic gene expression
upon cAMP signaling pathway stimulation. Involved in activated KRAS-mediated
transcriptional activation of USP28 in colorectal cancer (CRC) cells. Binds to the
USP28 promoter in colorectal cancer (CRC) cells;

Mitogen-activated protein kinase kinase kinase 7; Serine/threonine kinase which
acts as an essential component of the MAP kinase signal transduction pathway.
Plays an important role in the cascades of cellular responses evoked by changes

in the environment. Mediates signal transduction of TRAF6, various cytokines
including interleukin-1 (IL-1), transforming growth factor-beta (TGFB), TGFB-
related factors like BMP2 and BMP4, toll-like receptors (TLR), tumor necrosis
factor receptor CD40 and B-cell receptor (BCR). Ceramides are also able to activate
MAP3K7/TAK1.
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MAPK1

MAPK10

MAPK14

MAPK3

MAPKS

NFKBIA

RELA

STAT1

9606.ENSP00000215832

9606.ENSP00000352157

9606.ENSP00000229795

9606.ENSP00000263025

9606.ENSP00000378974

9606.ENSP00000216797

9606.ENSP00000384273

9606.ENSP00000354394

Mitogen-activated protein kinase 1; Serine/threonine kinase which acts as an
essential component of the MAP kinase signal transduction pathway. MAPK1/ERK2
and MAPK3/ERK1 are the 2 MAPKs which play an important role in the MAPK/
ERK cascade. They participate also in a signaling cascade initiated by activated

KIT and KITLG/SCF. Depending on the cellular context, the MAPK/ERK cascade
mediates diverse biological functions such as cell growth, adhesion, survival and
differentiation through the regulation of transcription, translation, cytoskeletal
rearrangements.

Mitogen-activated protein kinase 8/9/10 (c-jun n-terminal kinase); Mitogen-
activated protein kinase 10; Serine/threonine-protein kinase involved in various
processes such as neuronal proliferation, differentiation, migration and programmed
cell death. Extracellular stimuli such as proinflammatory cytokines or physical stress
stimulate the stress- activated protein kinase/c-Jun N-terminal kinase (SAP/JNK)
signaling pathway. In this cascade, two dual specificity kinases MAP2K4/MKK4
and MAP2K7/MKK7 phosphorylate and activate MAPK10/INK3.

Mitogen-activated protein kinase 14; Serine/threonine kinase which acts as an
essential component of the MAP kinase signal transduction pathway. MAPK 14 is
one of the four p38 MAPKs which play an important role in the cascades of cellular
responses evoked by extracellular stimuli such as proinflammatory cytokines or
physical stress leading to direct activation of transcription factors. Accordingly, p38
MAPKSs phosphorylate a broad range of proteins and it has been estimated that they
may have approximately 200 to 300 substrates each.

Mitogen-activated protein kinase 3; Serine/threonine kinase which acts as an
essential component of the MAP kinase signal transduction pathway. MAPK1/ERK?2
and MAPK3/ERK1 are the 2 MAPKs which play an important role in the MAPK/
ERK cascade. They participate also in a signaling cascade initiated by activated

KIT and KITLG/SCF. Depending on the cellular context, the MAPK/ERK cascade
mediates diverse biological functions such as cell growth, adhesion, survival and
differentiation through the regulation of transcription, translation, cytoskeletal
rearrangements.

Mitogen-activated protein kinase 8/9/10 (c-jun n-terminal kinase); Mitogen-
activated protein kinase 8; Serine/threonine-protein kinase involved in various
processes such as cell proliferation, differentiation, migration, transformation and
programmed cell death. Extracellular stimuli such as proinflammatory cytokines

or physical stress stimulate the stress-activated protein kinase/c-Jun N-terminal
kinase (SAP/INK) signaling pathway. In this cascade, two dual specificity kinases
MAP2K4/MKK4 and MAP2K7/MKK?7 phosphorylate and activate MAPKS/JNK1.

NF-kappa-B inhibitor alpha; Inhibits the activity of dimeric NF-kappa-B/

REL complexes by trapping REL dimers in the cytoplasm through masking

of their nuclear localization signals. On cellular stimulation by immune and
proinflammatory responses, becomes phosphorylated promoting ubiquitination and
degradation, enabling the dimeric RELA to translocate to the nucleus and activate
transcription.

Rela proto-oncogene, nf-kb subunit; Transcription factor p65; NF-kappa-B is a
pleiotropic transcription factor present in almost all cell types and is the endpoint
of a series of signal transduction events that are initiated by a vast array of

stimuli related to many biological processes such as inflammation, immunity,
differentiation, cell growth, tumorigenesis and apoptosis. NF-kappa-B is a homo- or
heterodimeric complex formed by the Rel-like domain-containing proteins RELA/
p65, RELB, NFKB1/p105, NFKB1/p50, REL and NFKB2/p52;

Signal transducer and activator of transcription 1-alpha/beta; Signal transducer

and transcription activator that mediates cellular responses to interferons (IFNs),
cytokine KITLG/SCF and other cytokines and other growth factors. Following

type I IFN (IFN-alpha and IFN-beta) binding to cell surface receptors, signaling via
protein kinases leads to activation of Jak kinases (TYK2 and JAK1) and to tyrosine
phosphorylation of STAT1 and STAT2. The phosphorylated STATs dimerize and
associate with ISGF3G/IRF-9 to form a complex termed ISGF3 transcription factor,
that enters the nucleus.
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STAT3

TNF

TNFRSF1A

TRAF6

9606.ENSP00000264657

9606.ENSP00000398698

9606.ENSP00000162749

9606.ENSP00000433623

Signal transducer and activator of transcription 3; Signal transducer and
transcription activator that mediates cellular responses to interleukins, KITLG/SCF,
LEP and other growth factors. Once activated, recruits coactivators, such as NCOA1
or MEDI, to the promoter region of the target gene. May mediate cellular responses
to activated FGFR1, FGFR2, FGFR3 and FGFR4. Binds to the interleukin-6 (IL-
6)-responsive elements identified in the promoters of various acute-phase protein
genes. Activated by IL31 through IL31RA.

Tumor necrosis factor; Cytokine that binds to TNFRSF1A/TNFR1 and TNFRSF1B/
TNFBR. It is mainly secreted by macrophages and can induce cell death of certain
tumor cell lines. It is potent pyrogen causing fever by direct action or by stimulation
of interleukin-1 secretion and is implicated in the induction of cachexia, Under
certain conditions it can stimulate cell proliferation and induce cell differentiation.
Impairs regulatory T-cells (Treg) function in individuals with rheumatoid arthritis
via FOXP3 dephosphorylation.

Tumor necrosis factor receptor superfamily member 1A; Receptor for TNFSF2/
TNF-alpha and homotrimeric TNFSF1/lymphotoxin-alpha. The adapter molecule
FADD recruits caspase-8 to the activated receptor. The resulting death-inducing
signaling complex (DISC) performs caspase-8 proteolytic activation which initiates
the subsequent cascade of caspases (aspartate- specific cysteine proteases) mediating
apoptosis. Contributes to the induction of non-cytocidal TNF effects including anti-
viral state;

TNF receptor-associated factor 6; E3 ubiquitin ligase that, together with UBE2N and
UBE2V1, mediates the synthesis of 'Lys-63'-linked-polyubiquitin chains conjugated
to proteins, such as IKBKG, IRAK1, AKT1 and AKT2. Also mediates ubiquitination
of free/unanchored polyubiquitin chain that leads to MAP3K?7 activation. Leads

to the activation of NF-kappa-B and JUN. May be essential for the formation of
functional osteoclasts. Seems to also play a role in dendritic cells (DCs) maturation
and/or activation. Represses c- Myb-mediated transactivation, in B-lymphocytes.




